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[57] ABSTRACT 

In an apparatus comprising a central xmit and a number 
of parallel processors (transputers) each provided with 
a part of page-size bitmap memory, a method to execute 
rasterization orders on an arbitrary non-busy processor, 
and subsequently transmit the result thereof, a draw 
order, via a communication channel that connects ail 
the processors to the unit, to the processor where the 
draw order has to be executed. 

5 Claims, 5 Drawing Sheets 



z 



14 EX1ERHAL BUS 



— 20 CONHUNICATION CHANNEL 



r 



10 



CENTRAL UNIT <^ 



21 



24" 



27- 



CONNUNICATION 
UNII 



AtlTHNETIC/ 
LOGIC UNIT 



LOCAL 
BITMAP 
HENORT 



PARALLEL 
PROCESSOR 



22 



25 



28-- 



CONNUNICATION 
UNIT 



ARITHMETIC/ 
LOGIC UNIT 



LOCAL 
BITMAP 
HENORr 



23 



26: 



29- 



CONNUNI CATION 
tINIT 



ARITHMETIC/ 
LOGIC UNIT 



LOCAL 
BITMAP 
NEMORT 



12- 

PARALLEL 
PROCESSOR 



^7" 



13- 
PROCESSOR 



08/05/2002, EAST Version: 1.03.0002 



U.S. Patent 



Jan, 31, 1995 Sheet 1 of 5 5,386,510 



14 EXTERNAL BUS 



— 20 CONNUNICATION CHANNEL 



10 



CENTRAL UNIT 



21 

lu- 



ll- 



COHNUNICATIOM 
UNIT 



ARITHMETIC/ 
LOGIC UNIT 



LOCAL 
BITMAP 
NEMORr 



PARALLEL 
PROCESSOR 



20 



22 



25 



28'- 



COMMUHICATION 
UNIT 



ARITHMETIC/ 
LOGIC UNIT 



LOCAL 
BITMAP 
MEMORY 



PARALLEL 
PROCESSOR 



23 



26- 



29-- 



COMMUNICATION 
UNIT 



ARITHMETIC/ 
LOGIC UNIT 



LOCAL 
BITMAP 
MEMORY 



PARALLEL 
PROCESSOR 



FIG.1 



08/05/2002, EAST Version: 1.03.0002 



U,S. Patent Jan. 31, 1995 sheet 2 of 5 5,386,510 



COHHONICATION CHANNEL I 

20^ 



PAIALLEL 
PROCESSOR 



3f 



COHNUNICATION 
UNIT 



COHNUNICATION CHANNEL 

•20 




-45 busy/ NOT BUSY 
-24 ARITHMETIC L06IC UNIT 



-42 RASTERIZE 

43 DRAW 

44 BITMAP FILLER 



-27 LOCAL BITMAP MEMORY 



30 
31 

32 
-33 
■34 
-35 
-36 
•37 



> RASTER MEMORY LINES 



J FIG.2 



08/05/2002, EAST Version: 1.03.0002 



U.S. Patent Jan. 31, 1995 sheet 3 of 5 5,386,510 




08/05/2002, EAST Version: 1,03.0002 



U.S. Patent 



Jan. 31, 1995 



Sheet 4 of 5 



5,386,510 



X=400 




400 800 1200 1600 2000 



FIG. 4 



08/05/2002, EAST Version: 1.03.0002 



U.S. Patent Jan. 31, 1995 sheet 5 of 5 



5,386,510 




08/05/2002, EAST Version: 1.03.0002 



5,386,510 

2 



(c) filHng of the raster memory lines with a pattem of 

APPARATUS FOR bits corresponding to that part of the object which 

CONVERTING OUTLINE DATA TO RASTER was intended for that part of the bitmap memory. 

^^"^A Steps (b) and (c) are performed by the same sub- 
. 5 processor only if llie filling of the bitmap memory must 

This IS a continuation of copending application Scr. be effected via that processor. Accordingly, inespec- 

No. 07/342,988 filed on Apr. 24, 1989 now abandoned. tive of how the raster memory lines of the bitmap mem- 

FIELD OF THE INVENTION ^® distributed over the available subproccssors, 

. , there are objects which have a shape sudi that not 

The mvention relates to a raster image processor and 10 every subprocessor is equally involved m the raster 

processes for converting miage data into raster data conversion of that object This results in inefiicient 

utdmng paraUel processors, and in particular to appaia- processor use because there are, on average, a number 

tus and processes which provide fuU distribution of of processors that are motive inactive 

nnage data to said processors. The object of the invention is to achieve more effi- 

BACKGROUND OF THE INVENTION processor use. 

Methods for converting data which comprise the SUMMARY OF THE INVENTION 

outlines of image parts ("objects") to raster data are The present invention provides a method and appara- 

known The raster is built up from a number of scan tus m which, at least for part of the object, a rasteriza- 

imes which can be divided mto parts and stored in an tion order is generated in a central unit Preferably, the 

apparatus make up of a central unit with at least two central unit comprises a rmcrocomputer. The transmis- 

paraUel proc^sors. each provided with a local bitmap sion of the rasterization order is over the communica- 

memory subdivided for raster memory lines in which tion channel for execution by a first parallel processor 

the cor«»pondmg scan lin^ can be stored. An example which is not busy at that time. At least one correspond- 

ofamulUprocesscr s^tcmisdisdosedmFr^^ ing draw order is goxeratcd which also contains data 

Application No. 2,561,009. In another system, a com- concerning the position in the bitmap memory where 

mumcation channel interconnects a central unit and the the result of this draw order is to be stored. The draw 

processors. order is transmitted over the communication channel 

An apparatus of this latter type forms part of a raster for execution in a second parallel processor, the local 

image processor as used m printers and visual display bitmap memory of which is filled with raster data con- 

umts to which data are fed from a processing station ceming at least the one part of the object 

concerning the characters or figures (objects) to be With regard to the apparatus, each parallel processor 

prmted, m the form of outline descriptions, such as is provided with a communication unit which, depend- 
vector descnptions. The prmter (eg., a laser printer) is 3, ing upon the busy state of the arithmetic logic unit 

ad^ted to deflect a modulated beam of Ught line by line transmits a rasterization order to a foHowing parallel 

over a hght^ensitve surfece. By advancing the Ught- processor via the communication channel. As a roult a 

sensitiye surface p^pendiculariy to the dhrection of page which is being fed and which consists of outline 

deflection it is possible to expose a complete page im- descriptions can be converted and written into the bit- 
agcwise ^d print it on a receiving sheet by a known 40 map memory more rapidly, thus increasing the printing 

method. The outhne descriptions must therefore first be speed. 

converted to raster data. Th^ and other advantages wiU be explained with 

The raster data are stored in a page-size bitmap mem- reference to presently preferred embodiments taken 

ory. The position of each image point on the light-sensi- with reference to the drawmgs. 
tive surface corresponds to the position of a memory 45 

element in the memory where the information of that BRIEF DESOUFnON OF THE DRAWINGS 

im^e point is stored. To be able to embody a high- FIG. 1 is a diagram of apparatus of the present inven- 

speed prmter it is necessary to use a high-speed raster tion for converting data of the outlines of image parts 

unage processor. One example of such a raster image into raster data- 

proc^r is described in WO 87/02159. 50 FIG. 2 is a diagram of a parallel processor 

•ms raster unage processor is based on a paraUel FIG. 3 is a more detailed illustration of a parallel 
architecture. Each image processor processes a penna- processor according to FIG. 2- 
nently allocated part Qocal memory) of this bitmap) HG. 4 is a diagram of a Htrliap memory; and 
memory. The conversion of an object is effected on the FIG. 5 is a diagram of the processes that can be per- 
basis of this local memory pennancntly allocated to 55 formed in a parallel processor, 
each subprocessor. In such a processor, each subproces- 
sor receives only that part of the object which is associ- PRESENTLY PREFERRED EMBODIMENT 
at^ with the local bitmap memory belonging to that FIG. 1 is a diagram of apparatus for converting data 
su^rocessor. concerning the outlines of image parts (objects) in to 
The computing task required to fiU that local bitmap 60 raster data (scan lines). A central unit 10 is connected by 
memory is effected by the subprocessor physically con- external bus 14 to a processing station, such as a word- 
nected to that lo<^ bitaiap memory. processor, a main-frame computer, a personal computer 
In the conversion of an object in a multiprocessor or the like. At the processing station, pages to be printed 
system, it is possible to distinguish three activities: are generated and temporarily stored in files in a mem- 

(a) transmission ofmformationaboutthe object to the 65 ory. The description of such a page is generated in code 
proce^ors, ^nu^ p^j. characters and figures on that page, the out- 

(b) calculation of the raster memory lines to be filled lines in the form of vectors together with the position 
m die local memories, and on the page are stored. A widely used page description 
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language which can be used is "PostScript from The arithmetic logic unit 24 also contains means with 

Adobe. which the busy state of the unit can be determined and 

The files containing the information of a whole page communicated to the communication unit 21 and, via 

to be printed are downloaded via external bus 14 to the latter, to central unit 10. If, in the case of a new 

central unit 10. Central unit 10 comprises a microcom- 5 rasterization order fed via the communication channel 

puter with a memory for storage of the downloaded 20, the first parallel processor is busy, for example, the 

page-files and is connected to a number of parallel pro- rasterization order is passed on to the second parallel 

cessors 11, 12 and 13 via a communication channel 20. processor, and so on, until the order reaches a parallel 

Each parallel processor comprises a communication processor which is not busy. The latter then executes 

unit 21, 22 and 23, an arithmetic logic unit 24, 25 and 2$ 10 rasterization order. 

and a local bitmap memory 27, 28 and 29, respectively. Execution of a rasterization order, therefore, need 
Each local bitmap memory 27, 28 and 29 contains *^ place on that parallel processor where the final 
part of a page-size bitmap memory in which image data order is to be executed. Consequently, loading is 
concerning a full page can be stored. Each image of a distributed more evenly over the parallel processors, 
page of a size of about 20X30 cm thus contams ^ order to obtain a better distribution of the pro- 
4000X 6000 image points or pixels (20 pixels/mm). ^« parallel processors, the raster lines can 
These pixels are arranged in 4000 scan lines each 6000 ^ distributed over the local bitmap memories in a dif- 
pixds long. With n local bitmap memories, each local ^^^^ ^^^^ example, a page usually contains mar- 
bitmap memory contains image data concerning 4000/n ^ ^^^^ ^ ^ so that a 
scan lines. With 8 local bitmap memories and hence 8 ^ Parallel processor intended for that part is required to 
parallel processors, each local bitmap memory will carry out practically no draw orders, 
contain image dau of five-hundred scan lines. ^* example, there are ten parallel processors, the 
FIG. 2 diagrammaticaUy iUustrates a parallel proces- memory of the first parallel processor may 
sor 11 for use in the present invention. Parallel proces- S?"*^ rasta: memory lin« 1, 11, 21, 31 and so on, 
sor 11 comprises a communication unit 21 comiected to ^ the second paraUd processor the r^ 
communication channel 20 and to arithmetic logic unit ^ distributions may also offer 
24. The arithmetic logic unit 24 is comiected to a local d^dmg upon the page filhngs occumng 
bitmap memory 27. The bitmap memory is subdivided "^^^fZ^Sl^^lin • n -ki • 
into a number of raster memory lines 30-37 each of ^ rf^ff^^^^^^ 

which can contain the image data concerning one scan ^ ? l^S^^Pages have to be processed, or if higher resolv- 

line. nius,raster memory LsOcontS^?^^ Sbradd^'"" ' ' 

image data of the first scan line, raster memory line 31 r^^^ ^ 3 ^ diagrammat- 

contams image data of the second scan hnc, and so on. ically sho4 in more detail. 

Local bitmap 27 «m contain for example, 35 ^ ^^^^ ^ 
m^ data in respect of the first 8 scan hnes of a page, Mess^. Imnos Limited, Great Britain, under the name 
Second parcel proces«3r (simikr to processor 11) is Transputer micrt>computer. and comprises a processor 
provided wiA a second lo^ bitmap memory which ^ ^ ^ access memory 
can conlam the image data of the next 8 scan hnes of a (r^m) and also a number of serial communication 
p^c, andsoon. ^ . . 40 connections for external communication. Transputer 50 
If a rasten^tion order is fed via commumcation includes CPU 56 with a read-only memory (ROM) 55 
channel 20 to first paraUd processor 11 and to commu- ^^d is comiected via an intcmd bus system 54 to an 
mcation umt 21, whdc anthmetoc logic umt 24 is inoper- memory interface 60, internal read and write 
ative,thcrastciizationOTderisf^ n^ory 58 (RAM) and internal read-only memory 59 
executed (Indicated diagiammatically by block 42). 45 (rqM), and also to a number of serial commumcation 
The result of this rastenz^on order is that at least one connections 51. Transputer 50 also contains a synchro- 
draw order is generated. This draw order also contains nization circuit 57. Preferably, the total memory is at 
data concemmg the location that the image part to be least 4 K bytes in size, so that CPU 56 can operate 
generated is to occupy m the bitmap memory. As an without an external memory. External memory inter- 
example, a rasterization order is sdected m which an 50 face 60 is connected via a number of connections 61 to 
object must be placed m raster memory lines equivalent a part of a page bitmap system. The Transputers can be 
to scan lines 17^23. These draw orders are then trans- interconnected via the serial communication conncc- 
mitted via communication channd 20. Each communi- tions 51 to form a network. Each serial commumcation 
cation umt of each paralld processor contains compari- connection is provided with an input line 52 and an 
son means 45 which compare the location data in the 55 output line 53 which jointly form the commumcation 
draw order with the location data of the raster memory channd 20. The operation of a Transputer of this kind is 
lines bdonging to that paralld processor. In the case of described, for example, in European Patent Application 
agreement (in the example selected this will be the case 0 141 660. 

with the third paralld processor), this draw order is fed The method of converting and implementing the 
to the associated arithmetic logic unit In the absence of 60 corresponding algorithm will be described with refer- 
such agreement, the draw order will be passed to the ence to an example shown in FIG. 4. FIG. 4 diagram- 
next paralld processor. matically illustrates a bitmap of a fiill page reproduced 
The draw order is then executed in the arithmetic with 2000 raster memory lines indicated on the x-axis. 
logic unit Cmdicated diagranmiatically by block 43) and Each raster memory hne contains 2,800 pixels (indi- 
transmitted to the bitmap filler (indicated diagrammati- 65 cated on the y-axis). The four-hundredth raster memory 
cally by block 44) which places the image data in the line is indicated by x=400. In the following processes, 
correct positions in the raster memory lines of local the term ^'scan line" denotes the line equivalent to the 
bitmap memory 27. neter memory line in the bitnu^). 
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An object, e.g., triangle A B Q must be drawn in the 
bitmap and then completely filled. The raster memory 
lines of the bitmap are connected, for example, to four 
parallel processors (not shown), PI, P2, P3 and 

Processor PI is connected to raster memory lines 0, 4, 
8, 12. 16. 20 ... , etc. 

Processor P2 is connected to raster memory lines 1, 5, 
9, 13, 17 . . . , etc. 

Processor P3 is connected to raster memory lines 2, 6, 
10, 14, 18 . , , , etc. 

Processor P4 is connected to raster memory lines 3, 7, 
11, 15, 19 ... , etc. 

The angle points A, B and C are represented by the 
coordinates in the bitmap, ie., A (400, 1200); B (1200, 
1200) and C (800, 2000). 

The algorithm comprises a number of processes 
which will be specified hereinafter. The central unit 
provides the schedule process. This process distributes 
the object, consisting of a scries of numbers, to PI, P2, 
P3 and P4. In the case of the triangle A B C tiie distribu- 
tion command is as follows: fill (400, 1200) (1200, 1200) 
(800, 2000) (— 1, — 1). This command contains the angle 
points of the triangle to be written and also indicates 
that the triangle is to be filled. (— 1, — 1) mdicates the 
end of the command. 

FIG. 5 represents the processes in parallel processor 
80 in relation to the processes in central unit 8L The 
schedule process 82 distributes an object (originating 
from a file, for example) to the other processors. This 
object is specified by reference to angle points consist- 
ing of an x-coordinate and a y-coordinate. All the x- 
coordinates are sorted in a list, consecutive x-coordi- 
nates determining an interval of scan lines. Each x-coor- 
dinate also separately determines a scan line to be raster- 
ized separately. The set of these intervals and scan lines 
to be rasterized separately form the orders for the other 
processors. These orders are transmitted to processors 
which are registered as "not busy" by schedule. As soon 
as an order has been sent to processor i it is registered as 
"busy". When processor i has finished its order, it sends 
a sign to schedule, whereafter processor i is again regis- 
tered as "not busy". As long as there are orders remain- 
ing, they are sent to processors which are •*not busy". 

Five other processes run on the parallel processors 
PI to P4: 

the conmiunication algorithm ("coml" and "coml") 
83,84, 

the scan line algorithm ("dcline") 88, 
the split interval algorithm ("split mterval") 85, 
the draw interval algorithm ("do.interval") 86 and 
the bitmap fiU algorithm ("draw") 87. 
The communication process coml 83 on an other 
processor can receive objects originating from a left- 
processor and store them locally and possibly pass them 
to a right-processor. It can pass a rasterization order 
originating from schedule on to the local dcline process 
or to the spliLinterval process if the order was intended 
for that processor, or to a right-processor. And it can. 
pass to die local bitmap fill process draw 87 or to a 
right-processor a draw order originating from a left- 
processor, depending on the processor addressed in the 
draw order. It can obtain a dointerval order which is 
always passed both to the local dointerval 86 process 
and to the right-processor. It can also pass a draw order 
firom the local doJine 88 process to a right-processor 
and a do.interval order from the splitinterval 85 pro- 
cess. 
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The communication process com2 84 receives draw 
orders from right-processors and passes them to a left- 
processor to the local draw 87 process. Dointerval 
orders arc passed both to the left and to the local do.in- 
5 terval 86 process. Signs which indicate that a sp^dfic 
processor is ready (originating firom both a right- 
processor and the local do.line 88 or splitinterval 85 
process) are always passed to the left and finally reach 
schedule 82. 

10 The dcline 88 process on another processor obtains a 
rasterization order for a scan line with angle points from 
the conmiunicadon process and generates (fraw orders 
for this. These draw orders go either to the local draw 
87 process or to the conununication process coml 83 in 
13 order to send it to a right-processor, or to tom2 84 in 
order to send it to a left-processor. 

The split-interval 85 process on another processor 
obtains a rasterization order for an interval and for this 
purpose generates new rasterization orders, dointerval, 
20 for the local dcinterval process 86, and via coml 83 and 
com2 84 for the other left and right processors. A do.in- 
terval order consists of an extra set of numbers which 
represent indices of the object information, i.e., the 
starting points of the lines intersecting the associated 
25 interval. Since all the processors have the complete 
object, the information is unambiguously fixed herein. 
All the processors with one or more scan lines in the 
interval range can now very rapidly generate draw 
instructions for the local draw 87 process by using 
30 "edge coherence" (Foley). 

The do.interval 86 process receives a do.interval 
order from the communication process coml 83 or 
com2 84 or from the local splitinterval process 85, 
together with a table of indices which indicate which 
35 lines of the polygon intersect the interval, and generates 
therefrom draw orders solely for the local bitmap fill 
process. 

The local draw 87 process finally replaces in the 
bitmap memory a part which corresponds to that part of 
40 the scan Hne as is specified in the draw order. 

With reference to FIG. 4, the algorithm is as follows: 

1. Input for schedule: fiU (400. 1200) (1200, 1200) 
(800, 2000) (-1, -1). 

2. Schedule reads the object and copies the descrip- 
45 tion to subprocessors PI to P4. While the object is being 

copied, schedule sorts and splits the object into a num- 
ber of parts, in this case: 
Rl scan line x»400 
R2 interval x=401, 799 
50 R3 scan line x^SOO 

R4 interval x=801, 1199 
R5scan line x=1200. 
Rl to R5 are the orders that schedule passes to the 
subprocessors. 

55 3. Schedule transmits orders Ri (Le., any of the orders 
Rl to R5) as long as there are processors which arc not 
executing any orders or until the orders are complied. 
Assuming that order Rl reaches PI, R2 reaches P2. R3 
reaches P3, and R4 reaches P4, R5 cannot yet be sent 
60 (all the processors are busy with an order). The four 
processors can work out simultaneously for each part 
what ones should be filled. This results in draw orders. 

4. PI produces the draw order D400, 1200, 1200 (fiD 
in scan line 400, pixels 1200 to 1200). Since scan line 400 
65 falls in bitmap PI, it is processed internally. P2 produces 
successively D401,1200,1202 and this order is executed 
on P2; 0402.1200,1204 is sent by P2, and received and 
executed by P3; D403,1200.1206 is also sent and reaches 
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P3, is passed on and reaches P4 where it is executed, and 
so on. At the same time F3 produces 0800,1200,1200 
which is finally executed at PI, PI and P3 should now 
be ready so that one of these can execute R5. P4 simul- 
taneously produces 0801,1200,1998 which is sent to F2 
and 0802,1200,1996 which is sent to P3 and so oa 

Whenever a processor has completed an Ri. schedule 
is informed thereof. When all the Ri have been exe- 
cuted, the next object can be read, copied and raster- 
ized. All the objects occurring can correspondingly be 
rapidly generated in a bitmap memory. 

While presently preferred embodiments have been 
described and shown, the invention may be otherwise 
embodied within the scope of the appended claims. 

What is claimed is: 

1. A method of converting object data concerning the 
outline of im^e parts or objects to raster data using at 
least two parallel processors each having a local bitmap 
memory subdivided into raster memory lines for storing 
scan lines that make up a raster, a central unit and a 20 
communication channel said method comprising: 

defining a number of angle points for each object to 
define said object data concerning the outline of 
each object; 

generating a rasterization order with said central unit 25 
for at least one part of said object data; 

transmitting said rasterization order to a parallel pro- 
cessor determined first in time to be not busy; 

executing said rasterization order by said parallel 
processor determined first to be not busy, and gen- 
erating at least one corresponding draw order, said 
draw order including data as to a position in said 
bitmap memory where a result of said draw order 
is to be stored; and 

executing said draw order in a predetermined parallel 
processor, said local bitmap memory of said prede- 
termined parallel processor being filled with raster 
data concerning at least the one part of said object 
data. 

2. A method according to claim 1, including the gen- 
eration of a rasterization order for each angle point of 
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object and for intervals situated between two angle 
points. 

3. A method according to claim 2, including the sort- 
ing of the angle points into a sequence corresponding to 
thdr position perpendicular to the scan lines. 

4. Apparatus for converting data concerning the out- 
lines of image parts or objects to raster data, a raster 
being built up from a number of scan lines, comprising: 

a. a central unit adapted to generate and transmit a 
rasterization order for at least part of the object, 

b. at least two parallel processors, each of said proces- 
sors having a communication unit, a local bitmap 
memory subdivided into raster memory lines in 
which corresponding scan lines can be stored and 
an arithmetic logic unit which generates on the 
basis of the rasterization order, a corresponding 
draw order with data concerning a position in said 
bitmap memory where a result of said draw order 
is to be stored, and to ^ore this result in the local 
bitmap memory, 

c. said communication unit including means for trans- 
mitting said rasterization order to a nonbusy other 
processor if said arithmetic logic unit is busy, each 
conmiunication imit of said processor further com- 
prising comparison means for comparing location 
data in a draw order with data of the position of the 
raster lines in the local bitmap memory and for 
feeding the draw order to said arithmetic logic unit 
upon agreement of the location data in the draw 
order with data of the position of the raster lines in 
the local bit memory, and 

d. a communication channel interconnecting said 
central unit and said parallel processors for trans- 
mitting data, indading said raster order from a 
busy to a nonbusy processor. 

5. Apparatus according to claim 4, wherein each local 
bitmap memory comprises a number of raster memory 
lines, the raster memory lines being adapted to receive 
a number of scan lines which are distributed non-oon- 
tiguously over the image. 

« * * * * 
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